Patients with developmental dysplasia of the hip who cannot be managed conservatively require surgical treatment. Open reduction through a medial approach has been used in children younger than 24 months of age, 1 but the results are more satisfactory in those aged 12 months or younger. [2] [3] [4] The method is simple, atraumatic and safe with minimal softtissue dissection and no blood loss. 1, 2, 5, 6 Both hips can be operated on at the same session.
After 18 months of age, the structural changes around a dislocated hip which prevent concentric reduction increase. In such hips, the medial approach has two important disadvantages. First, capsulorrhaphy for preventing recurrent dislocation or subluxation cannot be performed and secondly, acetabular osteotomy which may be indicated for acetabular dysplasia is also not an option.
However, Salter's innominate osteotomy has been recommended and widely used in patients older than 18 months. [7] [8] [9] [10] In this technique, acetabular osteotomy and open reduction with capsulorrhaphy can be performed through an anterolateral approach.
In this study, we report the results of open reduction through a medial approach combined with innominate osteotomy in a single session in patients older than 12 months of age who had an acetabular angle greater than 35o n pre-operative radiographs and/or instability at the end of their open reduction. We measured the acetabular, centre-edge (CE) and femoral neck-shaft angles at the end of the first and second post-operative years to assess the development of the hip.
Patients and Methods
Between 1988 and 1998, we treated 15 hips (15 patients) with developmental dysplasia of the hip by a combination of open reduction through a medial approach and innominate osteotomy. Teratological, paralytic and pathological dislocations were excluded. At the time of operation the mean age of the patients was 20 months (13 to 30). All the patients were girls. Both hips were dislocated in three patients, the left hip in seven and the right hip in five. In bilaterally dislocated patients, innominate osteotomy was performed on one side only after bilateral open reduction, the second side being operated on later.
In all hips, the position of maximum stability was assessed at the time of open reduction. The hips which required flexion with abduction for stability and/or had an acetabular angle above 35˚ on the pre-operative radiograph, were judged to require an innominate osteotomy.
No patient had preliminary traction or previous treatment. The mean follow-up period was 9.6 years (4 to 14). Operative technique. A medial approach was made through a longitudinal incision between adductor longus and gracilis. By blunt dissection the lesser trochanter was exposed and an iliopsoas tenotomy performed. The capsule was opened longitudinally and inferomedially. Great care was taken to retract and avoid damage to the medial femoral circumflex vessels which crossed the operative field. The transverse acetabular ligament was divided and the pulvinar removed if hypertrophied. After reduction of the femoral head into the acetabulum, the stability of the hip was tested in various directions. An innominate osteotomy was then carried out, if indicated by the criteria stated above, through an anterolateral approach without capsulorrhaphy. The stability of the operated hip was retested after the osteotomy in the walking position. A hip spica cast was then applied for six weeks with the hip in 20˚ of flexion, 30˚ of abduction and 10˚ of internal rotation. After removal of the cast, an abduction brace was routinely used at all times for three months.
We used for clinical assessment, McKay's criteria as modified by Berkeley et al, 11 and Severin's criteria for radiological assessment. 12 We evaluated the position of the femoral capital ossification centre on the pre-operative radiograph by the method of Tönnis. 13 According to this grading system 11 hips were grade II, two were grade III and two grade IV. The acetabular, CE and femoral neckshaft angles were measured on pre-operative radiographs, and on those taken at the end of the first and second years, to assess the early development of the hip. The most lateral point of the subchondral condensation of the acetabular roof was used as a landmark in the measurement of the acetabular angle. The CE angle was measured as described by Ogata et al. 14 The presence of avascular necrosis was determined using the criteria described by Salter, Kostuik and Dallas. 15 Leg length was measured on physical examination from the anterior superior iliac spine to the medial malleolus and, after innominate osteotomy, from the umbilicus to the medial malleolus.
Results
There were no post-operative infections and concentric reduction was obtained at the time of operation in all hips (Fig. 1) . No patient required subsequent surgery.
At the final follow-up, the clinical results were rated as excellent in 14 hips and good in one. On radiological assessment, ten hips were rated class I, four as class II and one as class III (Fig. 2) .
The mean acetabular, CE and femoral neck-shaft angles are shown in Table I .
No avascular necrosis of the femoral head was observed. Temporary irregular ossification of the femoral head was noted in one hip which resolved completely without deformity. The hip was considered to be clinically good and radiologically Severin class II. Acetabular irregularity was noted in one hip and a mild coxa valga deformity in two although Shenton's line was normal. Leg lengthening of less than 1 cm was present in two hips at the final follow-up, but gait was normal and the Trendelenburg test negative. 16 In the three patients with bilateral dislocations, the contralateral hips underwent innominate osteotomy at a mean of 19.6 months (11 to 36) after the initial operation. In these, the radiological results were rated as class I, class II and class III. The clinical results were excellent in one hip and good in two.
Discussion
The aim of treatment in developmental dysplasia of the hip is to achieve stable concentric reduction as early as possible. The medial approach requires minimum soft-tissue dissection and allows direct access to structures which can prevent concentric reduction. Obstacles to concentric reduction such as the iliopsoas tendon, a constricted inferomedial capsule, a hypertrophied ligamentum teres, the transverse acetabular ligament and a hypertrophied pulvinar are released easily through this approach. Adductor tenotomy, if necessary, can be performed through the same incision. Konigsberg et al 3 consider medial open reduction easier to perform than an anterolateral open reduction for the experienced hip surgeon. We have been using this approach for 25 years.
Two major disadvantages of the medial approach have been reported. First, there is the risk of injury to the medial circumflex artery and the development of avascular necrosis and secondly, the inability to perform a capsulorrhaphy which can increase the risk of residual subluxation or redislocation.
The reported incidence of avascular necrosis after the medial approach ranges from 0% to 66%. 1, 4, 5, 11, [17] [18] [19] A high incidence of this serious complication has been reported after delayed surgical reduction, ligation of the medial femoral circumflex vessels and following previous failed closed reduction. 3, 5, 18, 20 Salter and Dubos 9 reported avascular necrosis of the femoral head in 5.7% of dislocated hips in their series, but not in subluxed hips treated by innominate osteotomy without open reduction. For this reason, they thought that avascular necrosis was a complication of the open reduction rather than the osteotomy. Paterson 21 reported that the risk of avascular necrosis was extremely high when open reduction (by the anterior approach) was combined with innominate osteotomy. He considered that open reduction combined with innominate osteotomy should not be carried out simultaneously.
In our study, no avascular necrosis was seen, but the number of patients in our series was small. Most of the hips had low dislocation (11 of 15), and there was no history of any failed previous treatment. In addition, we think that the avoidance of a T-shaped capsular incision, extensive capsular dissection and ligation of circumflex vessels during the medial approach is important in determining the low incidence of avascular necrosis.
Another complication of the medial approach is the need for a secondary procedure for residual dysplasia. Mankey et al 6 reported that 33% of hips reduced by the medial approach required further pelvic osteotomies. Danielsson 22 reported that more than half of the patients who were older than 12 months, needed additional surgery. Other authors have reported the incidence for secondary procedures after medial open reduction to be between 20% and 46%. [3] [4] [5] 23 We therefore thought that a single-stage open reduction through a medial approach combined with an innominate osteotomy would reduce the incidence of residual dysplasia in hips with an acetabular angle greater than 35˚ on the preoperative radiograph and in those with instability after medial open reduction. To our knowledge, no similar combined technique in a single session has been previously reported.
Salter's innominate osteotomy was originally advocated for children between 18 months and six years of age. By contrast, Huang and Wang 24 reported good results with open reduction and Salter's osteotomy in patients of walking age but younger than 18 months. In our study, we did not observe any problem related to Salter's osteotomy in children less than 18 months of age.
Salter and Dubos 9 advised that a capsulorrhaphy should be performed in dislocated hips because of instability. They also reported a redislocation rate of 5.6% and a resubluxation rate without capsulorrhaphy of 14.3%. Lejman, Strong and Michno 25 compared the results of capsulorrhaphy and capsulectomy after innominate osteotomy and femoral osteotomy and reported redislocation in three of the patients with capsulorrhaphy, but in none of those with capsulectomy. In our series, no hips required secondary intervention for resubluxation or redislocation. We consider that sufficient stability can be achieved with innominate osteotomy without capsulorrhaphy in children of less than 30 months of age.
We believe that extensive capsular dissection during capsulorrhaphy may cause periarticular adhesion and fibrosis leading to limitation of movement of the hip after the anterolateral approach. A smaller anterolateral incision can be used with less extensive dissection when innominate osteotomy is performed without an anterior open reduction. The disadvantage of our combined technique is the need for two separate incisions.
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